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Abstract

Aims People with HIV (PWH) and undetectable virus experience elevated cardiovascular risk independent of trad-
itional risk factors. Vascular inflammation may contribute to this residual risk. The perivascular fat attenuation
index (FAI), derived from coronary computed tomography angiography (CCTA), is a biomarker of coronary in-
flammation. Lipoprotein(a) [Lp(a)] carries oxidized phospholipids that may promote inflammation. Statins have
demonstrated cardiovascular benefit in PWH, including pleiotropic anti-inflammatory effects. This study as-
sessed the associations of Lp(a) and of statin use with coronary inflammation (FAI) in men with HIV (MWH).

Methods We analysed FAI of the left anterior descending (LAD) and the right coronary arteries (RCA) in 583 men from the

and results Multicenter AIDS Cohort Study, a prospective, multicentre cohort study, including 280 with undetectable HIV

RNA, <50 copies/ml. Associations between log;o[Lp(a)] and LAD and RCA FAIl were assessed using linear re-
gression, adjusting for demographic and cardiovascular risk factors. LogolLp(a)] was associated with LAD
FAl in MWH with undetectable HIV in adjusted analysis [+1.99 HU (0.38, 3.59); P =0.02] but not among
men without HIV (MWoH) or MWH with detectable HIV. Associations with RCA FAI were only significant in
the unadjusted analysis. Statin use was associated with lower FAl, less inflammation in the LAD in MWH
with undetectable virus, but did not modify the association between Lp(a) and coronary inflammation.
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Conclusion

Lp(a) was associated with increased coronary inflammation, independent of traditional cardiovascular risk fac-

tors, in MWH with undetectable virus. Statin therapy did not modify the relationship between coronary inflam-

mation and Lp(a).
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In men with suppressed HIV, higher Lp(a) was independently associated with greater coronary
inflammation, higher FAI in the LAD. Statin use was associated with lower FAI, but did not
modify the association between Lp(a) and coronary inflammation.

lipoprotein(a) e coronary inflammation e perivascular fat attenuation index e coronary computed tomography

Keywords
angiography e HIV

Introduction

People with HIV (PWH) remain at elevated risk for cardiovascu-
lar disease (CVD) independent of traditional cardiovascular risk
factors, despite effective antiretroviral therapy (ART) resulting
in undetectable HIV RNA.%? Chronic immune activation, modu-
lated by pro-inflammatory lipids,® residual HIV replication in
lymphoid tissues,* and microbial translocation,” may contribute
to vascular inflammation and the progression of CVD.} In the era
of modern ART, HIV has transitioned to a chronic illness, and the
prevalence of clinical and subclinical CVD among PWH is pro-
jected to increase to 78% by 2030.° This underscores the im-
portance of identifying factors contributing to residual risk in
the clinically relevant, treated HIV population.

Imaging studies have provided evidence of subclinical coron-
ary atherosclerosis and of coronary endothelial dysfunction in
PWH.”® In the Multicenter AIDS Cohort Study (MACS), the
prevalence and volume of non-calcified coronary artery plaque
on coronary computed tomography angiography (CCTA) were
greater in men with HIV (MWH) compared to men without
HIV (MWoH).” Perivascular fat attenuation index (FAI) is a vali-
dated, CT-derived biomarker that quantifies vascular inflamma-
tion by measuring perivascular adipose tissue attenuation on

CCTA with Hounsfield units (HU), ranging from —190 to —30
HU.? Less negative FAI values (closer to —30 HU), reflect in-
creased inflammation and are independently associated with
atherosclerotic cardiovascular disease, as well as cardiac and all-
cause mortality.”

Lipoprotein (a) [Lp(a)] is elevated in PWH and is independently
associated with CVD risk.1° It is also the major carrier of oxidized
phospholipids, pro-inflammatory mediators that may contribute
to this residual risk.'! The associations between continuous
measures of Lp(a) and coronary inflammation assessed using
FAI among people without HIV (PWoH) and PWH without,
and those with, detectable virus in a large cohort were not pre-
viously reported.

Statin therapy significantly reduces cardiovascular events
among PWH, possibly via both lipid-lowering and pleiotropic
mechanisms.'?"1> To date, the association of statin therapy
with FAIl in PWH, and whether statins modify any association
between Lp(a) and FAl in PWoH and in PWH with undetectable
virus have not been evaluated.

Leveraging MACS data,” we measured CCTA-derived FAIl and
plasma Lp(a) concentrations to assess whether Lp(a) was asso-
ciated with coronary inflammation in MWoH and in MWH
with undetectable and those with detectable virus. We also
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investigated whether statin therapy modified any relationship
between Lp(a) and FAI.

Methods

Study population

The MACS, now part of the Multicenter AIDS Cohort Study/
Women's Interagency HIV Study Combined Cohort Study
(MWCCS), is an ongoing prospective, multicentre, cohort study
evaluating the impact of HIV-1 infection on cardiovascular and
other non-communicable disease outcomes among men with and
without HIV who have sex with men in Baltimore, Chicago,
Pittsburgh, and Los Angeles.” Participants undergo semi-annual vis-
its that include standardized clinical interviews, physical examina-
tions, and laboratory assessments, with collection of blood and
urine samples for biomarker analysis.

Eligible MACS participants were aged 40-70 years with a weight
<300 Ibs and no prior history of cardiac surgery or percutaneous cor-
onary intervention, as these procedures would interfere with the
measurement of the extent of coronary atherosclerosis. The scans
were performed between January 2010 and August 2013.
Institutional Review Board approval was obtained from all participat-
ing centres, and all participants provided written informed consent.

CT scanning and FAI measurements

Cardiac CT was performed using 64- or 320- slice multidetector CT
scanners following standard MACS imaging protocols, including
heart rate control and administration of sublingual nitroglycerin
prior to contrast injection.” Scans were prospectively ECG-gated
to minimize radiation exposure, and acquisition parameters were
standardized across sites.”

Peri-coronary FAI was measured using CaRi-Heart algorithms.’
FAl was assessed in the fat surrounding the proximal 10 mm—
50 mm segments of the left anterior descending (LAD) and right cor-
onary (RCA) arteries. For the RCA, FAI was measured within a radial
distance from the outer vessel wall equal to the vessel diameter. For
the LAD, appropriate algorithms were applied to account for the
variability of coronary anatomy and side branches.'® FAI was calcu-
lated as the weighted average attenuation of perivascular fat, ran-
ging from —190 to —30 HU, adjusted for technical parameters,
including tube voltage, contrast attenuation, and reconstruction
kernel to account for inter-scan variability.'®

Lipoprotein(a) and clinical covariates

Lp(a) concentrations were measured using serum samples collected
between 2010 and 2013. Samples were aliquoted at collection,
stored at —80 °C, and did not undergo prior freeze-thaw cycles.
Lp(a) concentrations were measured by Quest Diagnostics using
an immunoturbidimetric assay standardized to World Health
Organization and International Federation of Clinical Chemistry
and Laboratory Medicine reference material.x”*® Results are re-
ported in nmol/L.

Covariates were obtained from the MACS study visit closest to
the CCTA scan, generally within 6 months, and included age, ethni-
city, education, body mass index (BMI), systolic blood pressure, fast-
ing lipid profile, fasting glucose, smoking status, and use of statin,
antihypertensive, and antidiabetic medications. Diabetes mellitus
was defined as a fasting serum glucose >126 mg/dl or use of
glucose-lowering medications. Hypertension was defined as systolic
blood pressure >130 mmHg, diastolic blood pressure >80 mmHg,
or use of antihypertensive medications. HIV-related parameters
included plasma HIV RNA (copies/mL) and ART duration.
Undetectable HIV RNA was defined as <50 copies/mL.%?

Statistical analysis

Demographic and clinical characteristics are summarized by HIV
serostatus and HIV viral suppression. Continuous variables are

presented as means with standard deviations or medians with inter-
quartile ranges, depending on distribution, and compared using a
two-sample t-test or Wilcoxon rank-sum test. Non-parametric
variables included in multivariate regression models were log-
transformed. Categorical variables are reported as percentages and
compared using the chi-square test. We stratified analyses into
MWoH, MWH with undetectable RNA, and MWH with detectable
viral RNA.

Multivariable linear regression was used to assess the associ-
ation between logyo[Lp(a)] and FAI. Analyses are restricted to par-
ticipants with complete data on FAI, Lp(a), and all covariates
specified in the fully adjusted model. Three models were con-
structed sequentially: model 1 is unadjusted; Model 2 adjusts for
age, ethnicity (Black or non-Black ethnicity), education, and scan-
ning centre; Model 3 is fully adjusted for age, ethnicity, education,
scanning centre, BMI, systolic blood pressure, antihypertensive
medications, total cholesterol, high density lipoprotein cholesterol
(HDL-C), diabetes mellitus, current smoking, and statin use. We
adjusted for scanning site to minimize variability in CT scanner
models used across centres. Continuous variables were centred
at the mean. Sensitivity analysis substituted low-density lipopro-
tein cholesterol (LDL-C) for total and HDL-C. To assess effect
modification in MWoH and in MWH with undetectable HIV
RNA, multiplicative interactions were tested between Lp(a) and
HIV serostatus and between Lp(a) and statin use, adjusted for
HIV serostatus, in fully adjusted models. Statistical analysis was
performed using R version 4.4.1 (The R Foundation for Statistical
Computing, Vienna, Austria).

Results

Demographics

Of the 583 men with complete data, 241 were MWoH and 342
were MWH. Among MWH, 280 had undetectable HIV RNA and
62 had detectable HIV RNA at the MACS visit closest to
CT-imaging [median 51 days (21, 111)]. Mean LAD FAl was high-
er in the detectable than in the undetectable HIV group
(=70.1+7.6 vs. —=72.6 £7.3 HU, P=0.02, respectively), with a
similar trend observed for RCA FAl (-70.5+8.1 vs. —-72.6
8.2 HU; P =0.06). Median Lp(a) levels trended higher among
those with detectable than in those with undetectable HIV.
Those with detectable HIV were more likely to be Black, and
less likely to be on statin therapy or on ART compared to those
with undetectable virus.

Compared to MWoH, MWH with undetectable HIV were
younger, had lower BMI and HDL-C, and higher triglyceride le-
vels. Median Lp(a) concentrations and mean FAIl in the LAD and
RCA FAIl were similar among these two cohorts.

The full study cohort characteristics by HIV serostatus and
HIV viral suppression are presented in Table 1.

Lipoprotein(a) and coronary inflammation

The associations between Lp(a) and coronary inflammation in
the LAD for the overall cohort and subgroups stratified by HIV
serostatus and viral suppression using fully adjusted linear re-
gression models are presented in Figure 1. In the entire cohort,
higher logo[Lp(a)] trended towards higher LAD FAI [+0.92 HU
(-0.15, 1.99); P =0.09]. The association was statistically signifi-
cant among MWH [+1.53 HU (0.12, 2.95); P=0.03], but not
among MWoH [+0.29 HU (-1.42, 2.00); P=0.74]. After
stratifying by HIV suppression status, the association be-
tween Lp(a) and coronary inflammation remained significant
in MWH with undetectable virus [+1.99 HU (0.38, 3.59);
P =0.02], whereas no significant association was observed
in the smaller cohort of those with detectable HIV RNA. In



N. Nasrallah et al.

Table 1 Full study cohort characteristics by HIV serostatus and HIV viral suppression

Variable

Men without HIV

Sample size, n
Age, years
Ethnicity
White, n (%)
Black, n (%)
Hispanic, n (%)
Asian, n (%)
Other, n (%)
Education
No high school degree, n (%)
High school degree, n (%)
College degree, n (%)
Postgraduate degree, n (%)
Tobacco use
Never smoker, n (%)
Former smoker, n (%)
Current smoker, n (%)
Smoking pack-years
BMI, kg/m?
Systolic blood pressure, mmHg
Hypertension (%)
Hypertension medication, n (%)
Glucose, mg/dl
Diabetes, n (%)
Diabetes medications, n (%)
Total cholesterol, mg/dl
LDL cholesterol, mg/dl
HDL cholesterol, mg/dl
Triglycerides, mg/dl
Lipoprotein(a), nmol/I
Statin use, n (%)
Serum creatinine, mg/dI
LAD FAI (HU)
RCA FAI (HU)
HIV clinical factors
Viral load (copies/ml)
HAART duration (years)
HAART regimen
No HAART
Pl HAART
NNRTI HAART
NRTI HAART
Other

241
55574

167 (69.3%)
58 (24.1%)
12 (5.0%)
2(0.8%)
2(0.8%)

8 (3.3%)
83 (34.4%)
95 (39.4%)
55 (22.8%)

66 (27.4%)
122 (50.6%)
53 (22.0%)
2.5[0.0, 21.5]
27.3+4.7
128.6+14.7
143 (59.3%)
74 (30.7%)
98.7+27.4
19 (7.9%)

15 (6.2%)
194.7 £38.7
117.0+33.3
53.1+15.0
103.0 [74.0,146.0]
26.0[10.0, 78.0]
79 (32.8%)
1.0£0.2
-722+73
-722+83

Men with undetectable HIV  P-value* Men with detectable HIV ~ P-value®
280 62
524 +6.6 <0.001 50.5+6.3 0.03
160 (57.1%) <0.001 18 (29.0%) <0.001
72 (25.7%) 36 (58.1%)
47 (16.8%) 8(12.9%)
0 (0.0%) 0 (0.0%)
1(0.4%) 0 (0.0%)
21 (7.5%) 0.10 7 (11.3%) 0.14
130 (46.4%) 36 (58.1%)
88 (31.4%) 11 (17.7%)
41 (14.6%) 8 (12.9%)
98 (35.0%) 0.06 13 (21.0%) 0.002
113 (40.4%) 20 (32.3%)
69 (24.6%) 29 (46.8%)
2.7 0.0, 19.6] 0.97 8.1 [0.0, 20.1] 0.15
26.0+4.8 0.002 25.3+4.1 0.24
126.3+14.7 0.08 126.6+15.4 0.79
157 (56.1%) 0.50 33 (53.2%) 0.79
85 (30.4%) 1.00 18 (29.0%) 0.96
102.6 +25.8 0.10 97.2+18.4 0.06
33 (11.8%) 0.18 8(12.9%) 0.98
25 (8.9%) 0.32 6(9.7%) 1.00
191.8+38.2 0.38 176.3+38.8 0.005
111.5+35.3 0.07 101.4+32.6 0.03
47.8+13.9 <0.001 49.6+18.4 0.49
131.00 [94.8, 207.0] <0.001 102.0 [86.3, 154.0] 0.008
29.5[9.0,76.0] 0.71 39.5[13.0, 80.8] 0.21
108 (38.6%) 0.20 12 (19.4%) 0.006
1.0+0.2 0.25 1.0+0.2 0.98
-726+7.3 0.57 -701+7.6 0.02
-72.6+8.2 0.55 -70.5+£8.1 0.06
1232 [150, 15900]
9.5(7.2,12.7) 7.9 (1.3,11.2) <0.001
12 (4.3%) 23 (37.1%) <0.001
117 (41.8%) 30 (48.4%)
134 (47.9%) 6(9.7%)
2 (0.7%) 1(1.6%)
15 (5.4%) 2 (3.2%)

Data are reported as mean (standard deviation) or percentage. P-values are unadjusted. Median [interquartile range] for non-normally distributed variables and mean

SD for normally distributed variables. HAART = highly active antiretroviral therapy. Bold P-values indicate statistical significance (P <0.05).
*P-value comparing variables between seronegative and seropositive, HIV RNA <50 copies/ml.
Tp-value comparing variables between seropositive, HIV RNA <50 copies/ml, and HIV RNA >50 copies/ml.

the RCA, the association between logo[Lp(a)] and FAI was
significant in Model 1, but not after adjustment for covariates
(Model 2 and Model 3). Table 2 presents the associations be-
tween logio[Lp(a)] and FAI across the sequential statistical
models.

In the overall study cohort (n =583, Table 3), HIV serostatus
was not independently associated with LAD or RCA FAIl. To
evaluate whether the association between Lp(a) and coronary
inflammation in the LAD differed between MWoH and MWH
with undetectable HIV, an interaction term between log4o[Lp(a)]
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and HIV in fully adjusted models was tested and was +1.18 HU
(-1.02, +3.36); P=0.29.

Multivariable analyses were conducted in MWoH (n = 241) and
MWH with undetectable HIV RNA (n =280) and the results are
presented in Tables 4 and 5, respectively. In unadjusted models,
log1olLp(a)] was associated with higher LAD FAl only among
MWH with undetectable HIV [+3.43 HU (1.73, 5.13); P < 0.001]
and remained significant in Model 2. Lp(a) remained significantly
associated with LAD FAI in the undetectable group in sensitivity
analyses for Model 3 that replaced total and HDL-C with LDL-C
[+1.77 HU (0.14, 3.41); P = 0.03] and additionally adjusting for cur-
rent protease inhibitor therapy [+1.96 HU (0.35, 3.58); P = 0.017].

In fully adjusted models, Black ethnicity was independently
associated with higher LAD FAIl in both MWoH and MWH
with undetectable HIV RNA. Positive nonsignificant associa-
tions were present for current smoking in both groups and for
diabetes in the undetectable HIV group. No significant associa-
tions were observed for total cholesterol, HDL-C, systolic blood
pressure, or hypertension medication use in either group.

The multivariable model intercept, which represents pre-
dicted LAD FAI for a reference individual [White, non-smoking
male with mean values of Lp(a), cholesterol, and systolic blood
pressure], was —75.8 HU in MWoH and -70.8 HU in MWH
with undetectable HIV RNA, suggesting higher predicted LAD
FAI in the latter group. Although this difference approached
statistical significance based on a Wald test from the multivari-
able regression model (z=-1.79; P=0.07), HIV serostatus was
not independently associated with LAD or RCA FAl in the over-
all cohort. There was no significant difference in LAD FAl inter-
cepts between MWoH and MWH with detectable HIV RNA,
and no differences were observed across groups for RCA FAI.

Statin therapy

In fully adjusted models, statin use was independently asso-
ciated with a more negative LAD FAIl in both MWH with un-
detectable RNA and MWoH, indicative of less inflammation
(Figure 2). Among those with undetectable virus, statin therapy
was associated with —2.83 HU (-4.51, —1.16); P < 0.001 lower
LAD FAI. A similar association was observed in MWoH [-2.84
HU (-4.71, —0.97); P = 0.003]. These associations remained ro-
bust in sensitivity analyses replacing HDL-C and total choles-
terol with LDL-C, with statin use still significantly associated
with lower LAD FAIl in both groups [undetectable MWH:
-2.62 HU (-4.30, -0.95); P=0.002; MWoH: -2.73 HU
(-4.61, —0.85); P =0.005].

In the RCA, there was a borderline non-significant trend be-
tween statin use and lower FAI among MWoH, with an esti-
mated difference of —2.17 HU (-4.40, 0.06); P=0.06). No
significant association was observed between MWH and un-
detectable HIV RNA [-0.87 HU (-2.87, 1.14); P = 0.40].

To evaluate whether the relationship between Lp(a) and cor-
onary inflammation was modified by statin therapy, we included
an interaction term between log;o[Lp(a)] and statin use in a com-
bined model of MWoH and undetectable HIV participants, ad-
justing for HIV status. The interaction was not statistically
significant [+0.24 HU (-1.99, 2.47) ; P =0.83], suggesting that
the association between Lp(a) and LAD FAI did not differ by sta-
tin use (Figure 3).

Discussion

We observed, for the first time, that Lp(a) levels were associated
with coronary inflammation as measured by perivascular FAI
among MWH with undetectable HIV in unadjusted and adjusted

models, whereas no association was observed among MWoH.
FAl is a CT-derived biomarker of coronary inflammation that
predicts cardiac risk.2° These findings suggest that Lp(a) may
contribute to cardiovascular risk in the context of undetectable
HIV, even after controlling for traditional CVD risk factors. This
relationship was absent in MWH with detectable HIV RNA.

PWH experience a 50-200% higher risk of myocardial infarc-
tion than do PWoH, independent of traditional CVD risk fac-
tors.”?1=2% Chronic inflammation and immune activation are
believed to play a key role in this residual risk.?*=2% Lp(a) has
proinflammatory properties, notably as the primary carrier of
oxidized phospholipids, which can trigger monocyte recruit-
ment, resulting in arterial inflammation.?’ Although Lp(a) is an
independent risk factor for CVD in the general population and
prior studies in PWoH demonstrated a link between Lp(a) and
coronary inflammation,?® despite a small sample size, we did
not observe a significant relationship between Lp(a) and FAl in
our MWoH cohort.

Prior reports indicate that the +1.99 HU LAD FAl increment per
log1o[Lp(a)] in MWH with undetectable HIV is associated with dif-
ferences in the degrees of coronary stenosis and presence of
high-risk plaque phenotypes. Matyas et al. reported that patients
with severe stenosis of 70-99% in one or two coronary arteries
(CAD-RADS 4A) had perivascular FAI values approximately 4
HU higher than those with less extensive disease.?? Similarly,
Guo et al. reported mean FAI values approximately 4 HU higher
in vulnerable compared to non-vulnerable plaques, defined by
the presence of high-risk CT features such as low-attenuation pla-
que, positive remodelling, or spotty calcification.*° These studies
suggest that the Lp(a)-associated increase in FAI observed in our
cohort reflects a biologically meaningful degree of vascular in-
flammation, consistent with the understanding of Lp(a) as a con-
tributor to residual atherosclerotic risk independent of other
atherosclerotic risk factors. This relationship was absent in the
RCA FAI after multivariable adjustment. RCA FAI assessment
may be more susceptible to artefact due to proximity to the aortic
wall, which can increase measurement noise.>* Moreover, the dir-
ection of effect for RCA FAI was consistent with that observed in
the LAD but with wider confidence intervals, supporting the pos-
sibility of greater technical variability. In addition, the atheroscler-
otic burden in the LAD is generally more than that in the RCA,
which may render LAD FAI a more sensitive marker of systemic
inflammatory signalling.>2

Zisman et al. examined coronary FAI, serum Lp(a) levels, sol-
uble inflammatory markers, and activated monocyte and T-cell
subsets in a single-centre study of 21 PWoH and 58 PWH
with undetectable HIV.2 Lp(a) levels were divided into tertiles.
Although there was no significant association between Lp(a) ter-
tile and mean FAIl in the LAD and RCA, the interaction term be-
tween Lp(a) tertile and HIV serostatus indicated a stronger
association between Lp(a) and FAI in PWH and undetectable
virus than in PWoH.2> Additionally, Lp(a) levels were correlated
with soluble inflammatory markers and activated monocyte and
T-cell subsets.?’

In our multicentre cohort of 583 men, we used isoform-
insensitive measurements and continuous, log-transformed
Lp(a) data, with adjustment for a broad set of cardiovascular
risk factors, including total and HDL-C, diabetes, and hyperten-
sion, and observed a consistent positive association between
Lp(a) and LAD FAI in undetectable MWH. Statin therapy, while
associated with lower LAD FAl, did not modify the relationship
between Lp(a) and coronary inflammation. The importance of
Lp(a) in promoting coronary vascular dysfunction is further sup-
ported by studies of PWH treated with PCSK? inhibitors, which
demonstrated that decreases in Lp(a), but not LDL-C, were
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Entire Cohort
n =583

HIV Seronegative
n =241

HIV Seropositive
n =342

HIV Seropositive, HIV RNA <50 copies/mL
n =280
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-0.25,
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0 2
Estimate per log10[Lp(a)], in HU

Figure 1 Forest plot showing fully adjusted estimates for the change in LAD FAI (HU) per 1-unit increase in logyo[Lp(a)]. Models were
adjusted for age, ethnicity, scanning centre, education, BMI, smoking status, systolic blood pressure, hypertension treatment, diabetes,
statin use, total cholesterol, and HDL cholesterol. The overall model also adjusted for HIV serostatus.

Table 2 Multivariable linear regression models assessing the association between log;o[Lp(a)] and FAI

Cohort Model 1

LAD
Entire cohort 2.47 (1.28, 3.66); P < 0.001
Without HIV 1.65 (-0.19, 3.49); P=0.08

With undetectable HIV RNA
With detectable HIV RNA

3.43(1.72, 5.13); P<0.001
0.74 (-3.19,4.67); P=0.71

RCA
Entire cohort 1.98 (0.63, 3.33); P=0.004
Without HIV 0.69 (-1.44,2.81); P=0.52

With undetectable HIV RNA
With detectable HIV RNA

2.68 (0.76, 4.61); P=0.006
3.25(-0.95, 7.46); P=0.13

0.88 (-0.24, 1.99); P=0.12

0.76 (-0.97, 2.49); P=0.39

1.83(0.16, 3.49); P=0.03
—1.04 (-4.53, 2.44); P=0.55

0.92 (-0.15, 1.99); P=0.09

0.29 (-1.42,1.99); P=0.74

1.99 (0.38, 3.59); P=0.02
—-0.25(-3.53, 3.03); P=0.88

0.51 (-0.80, 1.81); P=0.44 0.63 (-0.66, 1.92); P=0.34
0.25(-1.81, 2.31); P=0.81 —0.37 (-2.43, 1.69); P=0.72
0.91 (-1.02, 2.85); P=0.36 1.24 (-0.68, 3.16); P=0.21
1.69 (-2.30, 5.67); P=0.40 2.57 (-1.54, 6.69); P=0.21

Sequential multivariable linear regression models assessing the association between log;o[Lp(a)] and FAI in the LAD and RCA (HU) among men without HIV, with
undetectable HIV RNA, and with detectable HIV RNA. Model 1 includes Lp(a) only. Model 2 adjusts for age, Black ethnicity, educational attainment, and centre.
Model 3 additionally adjusts for BMI, statin therapy, current smoking status, systolic blood pressure, hypertension medications, diabetes, total cholesterol, and HDL
cholesterol. Results are presented as the estimated absolute change in FAI (HU) per 1 log,o-unit increase in Lp(a). Bold P-values indicate statistical significance (P < 0.05).

associated with improvements in coronary endothelial function
as assessed by magnetic resonance imaging.®® These observa-
tions suggest that Lp(a) may potentiate the inflammatory vascu-
lar effects of chronic HIV-related immune activation in MWH
with undetectable virus.

Although HIV serostatus was not independently associated
with LAD FAI, the estimated intercept in the undetectable HIV
group (—70.8 HU) was elevated compared to the intercept for
those without HIV (-75.8 HU, P=0.07), suggesting a higher
baseline level of coronary inflammation. Notably, the HIV
group’s intercept approached the CRISP-CT study threshold of
—70.1 HU, with individuals with less negative values having a
5.6-to-9.0-fold higher risk of cardiac death over a median
follow-up of 72 months.”

In our cohort, Lp(a) was not associated with FAl among the 62
men with detectable HIV. This may reflect the significant impact
of virus-driven inflammation in viremic MWH, potentially out-
weighing the contributions of other proinflammatory factors,
such as Lp(a). HIV viremia is associated with systemic inflamma-
tion and endothelial cell dysfunction.?® The small sample size,
limited statistical power, and lower ART and statin use in the vir-
emic group may have also limited the ability to detect an associ-
ation in this group. Larger studies including more individuals
with detectable HIV RNA will be important to clarify the rela-
tionship between Lp(a) and coronary inflammation in this
population.

Black ethnicity was consistently associated with higher FAI
across our cohort, even after adjusting for traditional
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Table 3 Fully adjusted multivariable linear regression model assessing associations of covariates with LAD FAI in the entire

cohort (n = 583)

Model 3

LAD
Variable Estimate (95% Cl)
Intercept —72.53 (=75.10, —69.95)
logsolLp(a)] 0.92 (-0.15, 1.99)
HIV seropositive -0.38 (-1.46, 0.71)
Age —0.00 (-0.08, 0.08)

Black ethnicity
Educational attainment
Statin therapy
Current smoking status

4.71 (3.36, 6.06)
0.32 (-0.08, 0.72)
—2.74 (-3.88, —1.60)
1.16 (-0.05, 2.38)
0.00 (—0.04, 0.04)

—0.14 (-1.32, 1.04)

Systolic blood pressure
Hypertension medications

Diabetes 0.58 (-1.17,2.32)
Total cholesterol 0.00 (-0.02, 0.01)
HDL cholesterol 0.03 (-0.01, 0.06)

RCA
P-value Estimate (95% Cl) P-value
<0.001 -73.76 (-76.87, —70.66) <0.001
0.09 0.63 (-0.66, 1.92) 0.34
0.50 -0.96 (-2.27,0.36) 0.15
0.98 —-0.06 (-0.16, 0.04) 0.22
<0.001 4.46 (2.84, 6.08) <0.001
0.11 0.17 (-0.30, 0.65) 0.48
<0.001 -1.47 (-2.84, -0.10) 0.04
0.06 0.67 (-0.80, 2.14) 0.37
0.94 —-0.01 (-0.05, 0.04) 0.72
0.82 0.45 (-0.97, 1.87) 0.54
0.52 -0.12 (-2.26, 2.01) 0.91
0.79 -0.01 (-0.03, 0.00) 0.13
0.14 0.04 (-0.00, 0.09) 0.07

Multivariable linear regression model assessing the association between logo[Lp(a)] and FAI in the LAD and RCA (HU) in men with and without HIV (n = 583). Model 3
adjusts for HIV status, age, black ethnicity, educational attainment, BMI, centre, statin therapy, current smoking, systolic blood pressure, hypertension medications,
diabetes, total cholesterol, and HDL cholesterol. Results are presented as estimated absolute change in FAI in HU. Bold P-values indicate statistical significance

(P < 0.05).

Table 4 Fully adjusted multivariable linear regression model assessing associations of covariates with LAD FAI in men

without HIV (n = 241)

Model 3

LAD
Variable Estimate (95% Cl)
Intercept —75.84 (-80.19, —71.50)
log1olLp(all 0.29 (-1.42,1.99)
Age -0.01 (-0.13,0.12)

Black ethnicity
Educational attainment
Statin therapy

5.93(3.58, 8.28)
0.76 (0.07, 1.44)
-2.84 (-4.71, -0.97)

1.15(-1.01, 3.31)
—-0.04 (-0.10, 0.02)
—0.38 (-2.36, 1.61)

Current smoking status
Systolic blood pressure
Hypertension medications

Diabetes —0.52 (-3.66, 2.63)
Total cholesterol 0.00 (—0.02, 0.03)
HDL cholesterol 0.04 (-0.02, 0.10)

RCA

P-value Estimate (95% Cl) P-value

<0.001 —75.85 (-81.10, —70.60) <0.001
0.74 -0.37 (-2.43, 1.69) 0.72
0.92 —-0.05 (-0.20, 0.10) 0.52

<0.001 4.99 (2.17,7.81) 0.001
0.03 0.53 (-0.28, 1.35) 0.20
0.003 -2.17 (-4.40, 0.06) 0.06
0.29 1.16 (-1.44, 3.75) 0.38
0.14 —-0.07 (-0.14, 0.00) 0.06
0.71 —-0.53 (-2.91, 1.85) 0.66
0.75 0.44 (-3.43, 4.30) 0.82
0.68 0.01 (-0.02, 0.03) 0.64
0.21 0.01 (-0.06, 0.08) 0.77

Multivariable linear regression model assessing the association between log,o[Lp(a)] and FAI in the LAD and RCA (HU) in men without HIV (n = 241). Model 3 adjusts for
HIV status, age, Black ethnicity, educational attainment, BMI, centre, statin therapy, current smoking, systolic blood pressure, hypertension medications, diabetes, total
cholesterol, and HDL cholesterol. Results are presented as estimated absolute change in FAI in HU. Bold P-values indicate statistical significance (P < 0.05).

cardiovascular risk factors. This is consistent with prior studies
reporting higher pericoronary fat attenuation among Black par-
ticipants without HIV.3* Population studies show higher levels
of inflammatory biomarkers (e.g. hsCRP and IL-6) and more im-
paired nitric oxide-mediated endothelial function in Black indivi-
duals, consistent with a higher perivascular inflammatory
milieu.3>2¢ Beyond inflammation, the difference in FAI may re-
flect surrounding tissue composition and paracrine interactions.

In addition, there is more brown adipose tissue, which has a
higher water content and is more metabolically active than
white adipose tissue, in Black individuals, both of which may in-
crease attenuation.®”*® However, the relative contribution of
these mechanisms to racial differences in FAl remains uncertain.

In our study, statin therapy was independently associated
with lower coronary inflammation in both, MWoH and MWH
with undetectable virus, after adjustment for total cholesterol
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Table 5 Fully adjusted multivariable linear regression model assessing associations of covariates with LAD FAI in men with

HIV with undetectable HIV RNA (nh = 280)

Model 3

LAD
Variable Estimate (95% Cl)
Intercept —70.81 (-=74.20, —-67.41)
logiolLp(a)] 1.99 (0.38, 3.59)

Age 0.03 (-0.10, 0.15)
Black ethnicity 3.40(1.38, 5.41)
Educational attainment 0.11 (-0.45, 0.67)
-2.83(-4.51, -1.16)
1.37(-041, 3.14
0.03 (-0.03, 0.08
-0.52 (-2.25, 1.20

Statin therapy

Current smoking status
Systolic blood pressure
Hypertension medications

R A A

Diabetes 1.70 (-0.78, 4.19
Total cholesterol 0.00 (-0.02, 0.02
HDL cholesterol 0.02 (-0.04, 0.08

RCA

P-value Estimate (95% Cl) P-value

<0.001 -74.06 (-78.10, —70.02) <0.001
0.02 1.24 (-0.68, 3.16) 0.21
0.65 -0.04 (-0.19, 0.11) 0.61
0.001 3.90(1.49, 6.31) 0.002
0.70 —-0.03 (-0.69, 0.64) 0.94
0.001 -0.87 (-2.87, 1.14) 0.40
0.13 -0.15(-2.28, 1.98) 0.89
0.39 0.02 (-0.04, 0.09) 0.49
0.55 0.92 (-1.14, 2.99) 0.38
0.18 —-0.53 (-3.56, 2.51) 0.73
0.95 —-0.02 (-0.05, 0.00) 0.07
0.46 0.08 (0.01, 0.15) 0.02

Multivariable linear regression model assessing the association between log1o[Lp(a)] and FAl in the LAD and RCA (HU) in men with undetectable HIV (nh = 280). Model 3
adjusts for HIV status, age, Black ethnicity, educational attainment, BMI, centre, statin therapy, current smoking, systolic blood pressure, hypertension medications,
diabetes, total cholesterol, and HDL cholesterol. Results are presented as estimated absolute change in FAI in HU. Bold P-values indicate statistical significance

(P < 0.05).
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Figure 2 Association between statin use and LAD FAI (HU) in MWoH and MWH and undetectable HIV RNA.

and HDL-C, and for LDL-C, suggesting that the observed effect
was not solely attributable to changes in lipid levels alone. The
REPRIEVE trial demonstrated pleiotropic effects of statins be-
yond LDL-C lowering in PWH, including reductions in biomar-
kers of lipid oxidation (oxidized LDL-C) and arterial
inflammation (lipoprotein-associated phospholipase A2), but
not systemic inflammatory markers such as hsCRP and
IL-6.2213 Our findings provide novel evidence that statin ther-
apy is associated with lower coronary inflammation in MWH,
likely through both lipid lowering and anti-inflammatory
pathways.

Despite its anti-inflammatory effects,’ statin therapy did not
modify the relationship between Lp(a) and coronary inflammation
in our cohort. It is known that statins have minimal impact on Lp(a)
concentrations and may even cause a slight increase,*® though
this does not appear to confer additional risk.** In our analysis,

no significant interaction was observed between statin use and
Lp(a) levels on FAI, suggesting that the pro-inflammatory effect
of Lp(a) persists in MWH despite statin therapy. This supports
Lp(a) as a residual risk factor not addressed by standard lipid low-
ering therapies.

Limitations

Our study population is limited to men, and our findings might
not be generalizable to women with and without HIV. We mea-
sured Lp(a) at the same time rather than prior to the FAI out-
come, though concerns of reverse-causation are not a large
threat given that Lp(a) levels are largely genetically determined
and stable.’® Our exposure of interest, Lp(a) levels, cannot be
randomized, and while our observational study design is appro-
priate, we cannot exclude the possibility of residual confounding
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Figure 3 Scatter plot with fitted regression lines illustrating the association between logo[Lp(a)] and LAD FAI (HU), stratified by statin
therapy and HIV serostatus. Shaded areas represent 95% confidence intervals. The left panel includes MWoH (n = 241), and the right
panel includes MWH with undetectable HIV (<50 copies/mL; n = 280).

from other factors associated with both Lp(a) and FAI, such as
duration of HIV infection, systemic inflammatory burden, and
historical exposure to older ART drugs with known cardiometa-
bolic effects. Additionally, there were differences in some car-
diovascular risk factors, behaviours, and sociodemographic
factors between our HIV subgroups, particularly among the
small group of men with HIV viremia and differences in the
Lp(a)-FAI association between groups may be affected by re-
sidual confounding. CT measurements of FAIl were performed
using early CaRi-Heart prototype algorithms, which may have
introduced variability. While our cohort was substantially larger
than prior studies, it may still be underpowered to detect mo-
dest interaction effects.

Moreover, CCTA involves exposure to ionizing radiation.
Although more modern protocols use dose-reduction strategies,
the radiation burden must be considered when evaluating
imaging-derived inflammatory markers. Given the observational
design and limited generalizability of the current study, routine
clinical use of CCTA solely for pericoronary fat attenuation as-
sessment cannot be recommended at this stage.

Nonetheless, this population-based study leverages a large,
well-characterized cohort with standardized coronary CT im-
aging. Both groups were drawn from the same study population,
enhancing internal validity and minimizing selection bias.

Conclusions

Lp(a) was significantly associated with coronary inflammation
among MWH with undetectable virus and therefore potentially
contributes to the excess coronary disease risk observed despite
control of viremia and traditional cardiovascular risk factors.!
Statin therapy was associated with lower coronary inflammation
but did not mitigate the pro-inflammatory effect of elevated
Lp(a), highlighting a gap in current treatment strategies.

Routine measurement of Lp(a) in MWH may identify high-risk
individuals who could benefit from more intensive preventive
measures. Emerging Lp(a) lowering therapies, if proven to
reduce cardiovascular events, may offer particular benefit in
high-risk populations, however, dedicated trials are needed to
establish their safety and efficacy in MWH.
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